I. Introduction
The golden standard surgical maneuver for management of post infarction ventricular septal perforation (VSP) is the David's infarction exclusion technique, which has led to improve outcomes. 1, 2) However, the surgical mortality rate is still high, and this technique is associated with a high incidence of postoperative residual shunt (10% to 40%). 3) The hospital death of the ventricular septum perforation (VSP) is reported with 18.5% by Japanease Association for Coronary Artery Surgery in 2012, and the rest of improvement is yet left in the outcomes. The purpose of this retrospective study is to estimate whether technical changes in the surgical procedure would reduce the incidence of postoperative residual shunt and improve operative results.
II. Materials and methods

Patient data
We reviewed the medical records of 33 consecutive patients who underwent surgical repair of post-infarction VSP at our institution between January 2002 and August 2013. Data were accumulated retrospectively. An infarct exclusion technique using a pericardial patch was performed in 33 patients. A biventricular approach was used in 9 patients (B group) and a left ventricular approach was used in 24 patients (L group). Two groups were 
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a stethoscope and diagnosed with transthoracic echocardiography. Table 1 . There was no significant difference in preoperative patient profiles between the B group and the L group. All survival patients underwent follow-up examination via clinical visits or telephone surveys.
Surgical technique
The surgical procedure was selected to base on the size of the VSP and infarction area. The simple patch closure of the VSP for cases with a small area were underwent in two patients, and the other was done with an infarct exclusion for large VSPs. Table 2 .
Statistical analysis
JMP 10 (SAS Institute, Cary, NC, USA) was used to perform statistical calculations. Data are expressed as mean SD. Continuous variables were analyzed using either an independent t test when data were not normally distributed. Pearson's χ 2 or logistic regression was used to determine differences when variables were expressed by dichotomous values. Survival was examined by the Kaplan-Meier product limit method, and p values for differences between survival groups were obtained by the log-rank test. A value of p<0.05 was considered significant.
III. Results
The overall surgical mortality rate was 18.1% (six patients).
All patients died of persistent low cardiac output. The mortality rates were not significantly different between the two groups (B group was 11% (one patient) and L group was 21% (five patients), p=.0.53). The durations of CPB and cross-clamping were significantly longer in the B group than in the L group. The 3 patients were required due to re-perforation related to SwanGanz catheter in B group, and de novo perforation and the residual shunt in L group. In case of Swan-Ganz catheter complication, the catheter was involved to a suture of the right ventricle septal side and was fixed. When the catheter was removed, myocardium was split and caused the re-perforation. The analysis for the hospital death revealed that the factors including the preoperative LVEF, blood pressure and central ve- analysis. However, with multivariate analysis, these factors were not determined as significant (Table 3) . Although the numbers of our series of VSP repair was too small, the result was helpful reference.
The overall five-year survival rate was 67%. During the follow-up period, there were four deaths in the L group. One patient died of a malignancy, and the other three patients died of hemodynamic instability. Kaplan-Meier survival curves are shown in Fig. 2A . Although the survival rate was not significantly different between the B group and the L group at five year (B group was 89%, L group was 61%, p=0.19), there were no late deaths in the B group (Fig. 2B) .
The overall incidence of postoperative residual shunt was 24.2% (n=8), there was a significant difference between the two groups (p=0.034). And no postoperative residual shunt was detected in the B group in the early and late phases. In the L group, a postoperative residual shunt was present in 8 patients. All of these shunts were detected in the early phase before 30 days after surgery, and one patient underwent reoperation for hemodynamic instability. 3 patients who were not intervened for residual shunt died in the late phase. was significantly higher in the patients without residual shunt than in those with residual shunt (p=0.0028).
IV. Discussion
In 1982, David and colleagues 1, 2) reported the novel technique of an infarction exclusion, whereby both left and right shunts, ventricular remodeling, and aneurysm formation of the infarcted myocardium can be prevented. This technique was well-known to settle to a decreased surgical mortality rate (19%). In these series, we have performed a modified infarct exclusion technique using a two patch, the overall surgical mortality rate was 18.1%, and the five-year survival rate was 67%. These results are equivalence with previous reports.
In the late phase, postoperative residual shunt is one of the mortal factor relating to postoperative hemodynamic stability.
Thereby, for the sake of reduce of residual shunt, a variety of modified surgical techniques has been contributed, and the incidence of postoperative residual shunt reduced from 4.7% 4) to A B 43%.
5)
In our study, the incidence of postoperative residual shunt was detected in 8 patients and three of these patients died of postoperative hemodynamic instability after discharge.
The comparison of patients with and without residual shunt indicated a higher survival rate in those without residual shunt.
These results suggest that postoperative residual shunt is an adverse prognostic factor for long-term survive, and should be prevented to left ventricular shunt.
A numerous number of double-patch techniques have been reported. [6] [7] [8] [9] [10] Since 2002, for the purpose of no residual shunt, this modified infarct exclusion technique using a double patch with a biventricular approach was adopted for large VSPs in our institute. One patient with the biventricular approach died after surgery of severe low output syndrome. However, no incidence of postoperative residual shunt or long-term death was noted in our follow-up period.
A suture line could easily be transmurally made by the biventricular approach under direct vision on the ventricular septum side, which could make detachment of a prosthetic patch difficult and prevent postoperative residual shunt. The double-patch repair by biventriculotomy took a longer time than simple infarct exclusion, and cross-clamp times for this technique are slightly longer. Moreover, there was a concern that biventricular incision contributed to biventricular cardiac failure, but postoperative right ventricular pressure was not increased, and RV failure was not noted. However, we believe that the gains for preventing to residual shunt offset the loss of a longer cross-clamp time. And it lead to better outcomes. Several limitations of this study must be considered. In our series, six surgeons performed and selected the surgical methods based on intraoperative findings. In addition, the sample size was small and furthermore date accumulation was needed.
In conclusion, the repair of post-infarction VSP by the infarct exclusion technique with a biventricular approach was safe and feasible. This technique contribute to reduce surgical mortality and to improve a long term survival, because of preventing recurrence of the VSP after the first correction procedure. In other words, it suggests that the biventricular approach may be promising the survival and that this approach will show a significant difference in the future to the simple ventricular approach.
